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0 A highly efficacious vaccine for infectious diseases caused by fowl Mycoplasma gallisepticum, prepared t»y 
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sequence originafing in Afycqp'asma gairtsepticum and having a specified restriction enzyme cleavage map. 
and can act on mycoplasma-immune or mycoplasmaHnfecled serum, or other protein having equivalent 
functions. 
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TECHNICAL RELD 

Tlie present invention relates to antigen proteins of Mycoplasma gallisepticum infected to poultry;, 
recombinant vectors integrated with genes encoding to antigen proteins, hosts transformed by tfie vectors. 
5 as well as poultry vaccines for Mycoplasma gallisepticum infections utilizing the antigen proteins. 

BACKGROUND 

Mycoplasma gallisepticum infectious disease, that is one of the most serious infections on poultry such 
10 as chickens, etc.. is ctiaracterized by chronic re^ratory impairment accompanied by inflammation of tfie 
air sac in chicken. When chk:kens were infected with Mycoplasma gallisepticum , an egg-iaying rate and a 
thatching rate of eggs produced by infected chickens are markedly reduced. As the result, shipping of eggs 
and egg-laying chickens decrease so that a considerable economk: loss is caused. In additkm. Mycoplasma 
gallisepticum infection induces ttie reduction in immunity so that chickens are liable to suffer from ottier 
IS infectious diseases to cause compfication off severe infectious diseases. Furthermore. Mycoplasma gallisep- 
ticum is known to be a pathogen of sinusitis in turiceys. 

The present inventors afre^ly found proteins react with antisera against Mycoplasma gallisepticum - 
(Japanese F'atent Application Laid-Open No. 2-111795). It is expected ttiat these proteins wouk! t>e useful 
as vaccines for preventing Mycoplasma gallisepticum infections, but in order to prepare more potent 
20 vaccines. It is desired to provkle proteins having a higher activity. 

DISCLOSURE OF THE INVENTION 

As a result of extensive investigations to obtain more effective vaccines for preventing Mycoplasma 
25 gallisepticum infections, the present inventors have selected TMG-I from ttie proteins disck>sed in Japanese 
Patent Apptication L^d-Open No. 2-111795 supra It has then t>e found that addition of protein of atxxjt 11 
kikxlaltons to TMQ-i markedly increased the antigenk:ity of Mycoplasma gallisepticum , antisera induced 
using the addition product as antigen prevent the growtii of Mycoplasma gallisepticum . and the protein 
descritjed above can be expected to be useful as poultry vaccine for preventing Mycoplasma galltsepticum 
30 infectkxis aiKl also useful as diagnosis of Mycoplasma gallisepticum infections for poultry use. The present 
invention has ttujs conne to t>e accomplished. 

BRIEF DESCRIPTION OF THE DRAWINGS 

3S Fig. 1 stK>ws a restriction enzyme cleavage map of DNA fragment which can t»e used for recombination 
in tt^e present invention. 

Fig. 2 illustratively shows the procedure for ctoning TTMH DNA to M13 phage. 

Fig. 3 illustratively stiows the procedure for producing a srte-specifk: mutant prepared using artificially 
syntfiesized ofigonucleotide primer. 
40 Fig. 4 illustrativeiy shows ttie procedure for producing plasmkl pMTTMIE which expresses protein 
TTMG-I encoded by TTM-I'. 

BEST MODE FOR PRACTICING THE INVENTION 

45 According to a first aspect off the present invention, there is provkJed a protein which causes an antigen- 
antibody reaction witti Mycoplasma gallisepticum poultry antisera arKi has a molecular weight of about 40 
kikxialtons (hereinaffter at)breviated as kd) encoded by DNA sequence having a restriction enzyme cleavage 
map shown in Rg. 1. According to a second aspect of the present invention, there is provkled a DNA 
sequence wNch efKX>des the amino ackl sequence. According to a third aspect of ttie present invention. 

so there is provided a recomtunant vector containing ttie DNA and a host transformed or transfected by the 
recomt>inant vector. According to a fourth aspect of the present invention, ttiere Is provided a poultry 
vaccine for preventing Mycoplasma gallisepticum infections, comprising ttie said protein as an effective 
component. 

Tliat is. in ttie first aspect of ttie present invention, ttie protein is the one ttiat causes an antigen- 
55 antitxxty reaction with sera immunized or infected with Mycoplasma gallisepticum and has a molecular 
weight of atxxit 40 Kd encoded by DNA sequence having a restriction enzyme cleavage map shown in Rg. 
1. Specific examples include a protein tiaving an amino acut sequence shown in Sequence No. 1, a fused 
protein tiaving a O-terminus ttie amino add sequence and containing t>acteria-derived enzyme proteins 
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such as /9-Qalactostdase, ^-l£K:tamase, etc. at the N-terminus thereof. 

The protein can be obtained by using the host transformed by or transfected by the recombinant vector 
that is concerned with the third aspect of the invention. The recombinant vector described above can be 
obtained by incorporating the DNA fragment as the third aspect of the invention into an expression vector in 

5 a conventional manner. 

Sources for collecting the DNA fragment may be any of the sources so long as they belong to 
Mycoplasma gallisepticum . Specific examples include S6 strain (ATCC 15302), PG31 (ATCC 19610) and 
the lilce. Specific example of the DNA fragment used for recombination is a DNA fragment havfang a 
restriction enzynne cleavage map shown in Rg. 1 (for example. DNA fragment sfiown in Fig. 2. 

10 The nucleotide sequence of 202 to 988 in the fragment havbig DNA sequence stiown by Sequence No. 
1 is ttie same as that of protein TMG-I descrit>ed in Japanese Patent Application Laid-open t4o, 2-1117^. 
The nucleotides of 988 to 988 which correspond to a tenmination codon of the gene erKxxiing this TMGH 
are modified so as not to be translated as termination codon in the host, and DNA sequence of 999 to 1387 
is further added thereto. TGA of 1048 to 1050 is also nnxiified so as not to be translated as tenmination 

15 codon. 

NNN in DNA sequence is not particularly restricted unless it is not a termination codon upon 
expression. However, it is expected in natural Mycoplasma gallisepticum that TGA would t>e translated into 
tryptophan (J. Bacteriology, 172(1), 504-506 (1990)). It is thus prsfenred to mocfify NNN into a base 
translated as tryptophan also in host cells, for example, into TGG. 
20 The vector which is used to construct the recomtxnant vector is not particularly limited tiut specific 
examples include piasmids such as pUCS, pUC9, pUCIO, pUCII. pUC18. pUC19, pBR322. pBR325, 
pBr^27, pDR540, pDR720. and the like; phages such as Xgtll. XgtIO, XEMBL3, XEMBL4, Charon 4A and 
thelOce. 

The meltiod for inserting ttie DNA fragment descrit)ed atMve into ttiese vectors to produce recomt>tnant 

25 vectors may be performed in a nnanner well known to one skilled in tfie art. r=6r exampte, the vector is 
cleaved wHh a restriction enzyme and ligated directly vnth tfie DNA fragments descrit>ed atx>ve. under 
control of a suitat)le expressfon regulatory sequence. As the expressfon regulatory sequence used, those 
may t>e mentioned, for example lac pronrKiter-operatDr, trp promoter, tac promoter, Ipp pronnoter, PL 
pronrKyter, amyE promoter, GaI7 promoter, PGK promoter. ADH promoter, eto. 

30 In producing the recomtxnant vector for the purpose of expressing these proteins derived from 
Mycoplasma, technk^ues for producing a recomlMnant vector by once incorporating the aforesaid DNA 
fragment into a suitable vector folfowed by sut>cfoning is well known to one skilled in the art These 
subctoned DNA fragment are excised with an appropriate restrfotion enzyme and ligated with the expression 
regulatory sequence descrit)ed above to produce, the recomtxnant vector capat>le of producing tfie protein. 

35 The vector which is used for tfie sutx^foning is not critical txjt specific examples include plasmkls such 
as pUC8, pUC9, pUCIO, pUCII, pUCIO, pUC19, pBR322. pBR325. pBR327, PDR540, pDR720. pUBIIO. 
pU7Q2. YEp13. YEp24, YCp19, pAc373. pAcYMI. and ttie Uke. 

TTien, a variety of appropriate hosts are transformed using the obtained recomtiinant vector to obtain 
mforoorganisms that can produce the protein having antigenk^fty derived from Mycoplasma gallisepticum , or 

40 a fused protein containing the same amino acid sequence. 

Tlie appropriate host used herein can be chosen taking into account adaptatMlity to expressfon vector, 
stat>ility of tfie products, eto. Specific examples are genus Escherfchia (for exampte, Esctierichia cdi ), 
genus Bacillus (for exampte BaciHus subtilis . Bacillus sphaericus . etc.), Actinomyces , Saccharomyces . 
insect cell, silkworms, eto. The host transformed by an appropriate expressfon vector can be cultured and 

45 proliferated under suitable conditfons well known to one skilled in tfie art 

Upon production of tfie protein, conditions for inducing tfie action of expression regulatory sequence 
can be ctiosen. More specifically, in the case of lac promoter-operator, such conditions can be effected t>y 
adding a suHabte quantity of isopropylthk>-^>D-galactopyranoside to a cuKure broth. 

The poultry vaccine for Mycoplasma gallisepticum infections from the thus obtained host whfoh is 

so concerned with tfie fourth aspect of tfie invention can t>e prepared by a modification of conventional 
technique. Tfie host can k>e cultured under conditions generally used for cutturing mforoorganisms of this 
type. In tfie case of E. ^H. the t>acteria can t>e cultured in LB medium at 37 * C under aerotMC conditions. 

After cultoring, tfie protein of ttie present invention as its first aspect can t>e purified by means of 
chromatography, precipitation by salting out, density gradient centrifogatfon and the like tfiat are well knovm 

55 to one skilled in tfie art and may optionally be chosen. The thus obtained protein can be used as a vacdne. 
Attematively, the transformed host can tye inactivated and tfie inactivated host can t>e used as vaccine. In 
this case, ttie inactivation is carried out in a conventional manner after culture of the host is completed. Ttie 
inactivation may be attained t>y floating t>ut it is simpler to add an inactivator to the culture tiroth. As tfie 
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inactivator. mere may be used Merzontn, ^-propiplactone, tyrosine, salicylic acid. Crystal Violet, t)enzotc 
acid, benzetonium chloride, polymyxin, gramicidin, formalin. pherK>i. etc. The inactivated culture t)roth is 
added, if rtecessary and desired, with a suitat)le quantity of adjuvant The InactivatBd product is ttien 
separated with a siphon or kiy means of centrifugation, etc. As the adjuvant aluminum hydroxide gel, 

5 aluminum phosphate gel, calcium phosphate gel, alum. etc. are employed. The inactivated product thus 
separated is adjusted with phosphate txiffered saline, etc. to a suitable concentration. If necessary and 
desire, an antiseptic is added to the product Examples of the antiseptic wliich can be used include 
Merzonin, ^-p^opiolactone, tyrosine, salicylic add. Crystal Violet, benzoic acid, benzetonium chloride, 
polymyxin, gramicidin, formalin. ptierK>l. etc. 

10 In order to furttier enhance the immune activity, adjuvant may also t& added to ttve vaccirte obtained. 
The adjuvant is generally used in a volume of 1 to 99 based on 100 volume of ttie vaccine. 

When ttie vaccine is used, it may be mixed with diluents, thickeners, etc. in a conventional manner. The 
vaccine exhitxts ihe effect in a dose of at least 1 ug antigenic protein mass per kg wt T?ie upper limit is not 
critk^al unless the dose shows acute toxicity. Tlie dose can be determined opportunely, for example, under 

IS such conditions that the neutralizing antibody titer 0ogio) is 1.0 to 2.0. No acute toxksty was appreciat>le in 
a dose of 5 mg antigenk: protein mass per kg wt to chicken. 

The poultry vaccine for Mycoplasma galltsepticum infection obtained in the present invention Is 
inoculated to poultry intramuscularly, sutx^utarieously or intracutaneously, etc. The vaccine may also be 
sprayed onto respiratory tract for immunization. 

20 According to the present invention, ttie proteins tiaving higher antigenictty than those ot)tained in ttie 
pnor art can t>e provkJed effkaently. Ttie excellent peptides are effective as vaccines and poultry 
diagnostk:s for Mycoplasma gallisepticum infectkm. 



(Example 1] 

Harvest of polypeptkle gene TTM-I in which Mycoplasma galliseptfcum is expressed: 

30 (1) Production of genomfc DNA of Mycoplasma galliseptteum 

Mycoplasma galliseptkaim S6 strain was cultured at37*Cfor3to5 days in liquid medium prepared by 
supplementing 20% horse serum. 5% yeast extract. 1% glucose and a trace annount of pherxil red as a pH 
indkator in 100 ml of PPLO broth basal medium. As Mycoplasma gallisepticum proliferated, pH of ttie 

35 culture txxrth decreased. At the point off time wtien the color of ttie pH indicator contained in the culture 
broth cfianged from red to yelkm, incut>atk>n was terminated. The culture medium was centrifuged at 
8000G for 20 minutes to collect ttie cells. The ceils were tfien suspended in 1/10 volume of PBS t>ased on 
ttie volume off culture medium. The suspension was again oentrlffuged at 10,000 rpm for 20 minutes to 
collect ttie cells. The collected cells were resuspended in 2.7 ml off PBS and SDS was added thereto in a 

40 concentratkMi off 1%. Furthermore 10 ug off RNase was added to ttie mixture. The mixture was incut>ated at 
37 * C for 30 minutes to cause lysis. 

The lysate was extracted 3 times with an equal volume of ptiend and ttien 3 times with ethyl ettier. The 
extract was precipitated with ettianol to give 200 ug of genomic DNA off Mycoplasma gallisepticum . 

45 (2) Genomic Souttiem tiybridization of Mycoplasma gallisepticum using TM-I gene as a prol>e 

After 1 ug of Mycoplasma galliseptfcum DNA otytained in (1) was digested with Xbal, ttie digestkMi 
product was subjected to 0.6% k>w melting point agarose gel electroptiorests. After ttie electroptioresis. the 
gel was immersed in an alkali denaturing sohitxxi (0.5 M NaOH, 1.5 M Nad) for 10 minutes to denature 

50 DNA and furttier immersed in a neutralizing solution (3 M sodium acetate. pH 5.5) for 10 minutes to 
neutralize. Folk>wing ttie neutralization, ttie DNA was transfenred onto a nyk>n membrane in 6-fokl SSC 
sohitkHi (0.7 M NaC^, 0.07 M sodium citrate. pH 7.5). After air drying, ttie memt)rarie was heated at 80*C 
for 2 hours. 4-fokJ SET (0.6 M NaQ, 0.08 M Tris-HQ, 4 mM EDTA. pH 7.8). 10-fokJ Denhardt, 0.1% SDS. 
0.1% Na4P207. 50 ug/mt of denatured salmon sperm DNA and pUM-l insert DNA (TMH gene: see 

55 Japanese Patent Applicatkxi Laid-Open No. 2-111795) which tiad t>een labelled in a conventional manner 
were added to cause hytxidizatkxi at 68*C for 14 hours. The nylon memk>rane was overlaid on an X ray 
film. Autoradk>graphy revealed ttiat hybrktizatkm occurred on a fragment of atXMit 3.4 kbp. 



[EXAMPI-ES] 
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(3) Cloning of Xbal-digestBd fragment of atxxit 3.4 kbp into pUC-19 and colony hybridization 

Aflor 4 ug of Mycoplasma galBseptoim DNA obtained in Example 1 (1) was digested witti restriction 
enzyme Xbal, ttie digestion product was subject to 0.6% low melting point agarose gel electrophoresis. 

5 After the electrophoresis, a fragment of about 3.4 kbp was recovered. Ihe fragment was tigated by Rgase 
with pUC-19 cleaved through digestion with Xbai and competent E. ooH TGI strain was transformed. Tbe 
transformants wera cultured at 37*C for 15 hours in LB agar n>edlum containing 0.003% of SAmmo^ 
ChkKo-3Hndolyl-^-D-galactopyranoside. 0.03 mM of isopropylthk>-^-[>galactopyranoskJe and 40 ug/lml of 
ampteillin. White cotonies grown on the agar medium wera transferred onto a nylon membrane fblkmed by 

10 hybridization in a manner similar to (2) above. Autoradk>graphy revealed that cfcxting was effected and. the 
plasmkJ was named pUTTMI. 

(4) Determlnatkm of the entire nudeotkte sequence of TTM-I 

rs Sequence of insert DNA fragment was determined by the Dkleoxy method of Sanger et at {Proc. Natl. 
Acad. Set.. USA. 74. 5463 (1977)} using pUTTM-l prepared in (3) above. The nudeotkle sequence Is shown 
by Sequence Ho. 1 (provkJed that NNN in the sequence is both TGA). It is reported that TGA codon is read 
as tryptoptian in the genus Mycoplasma . ncA as translatkm terminatkm codon. In view of ttie sequence, the 
molecular weight of the protein encoded by TTMH was assumed to be about 40 kikxJaltons. 



(1) production of TTMH* modified (TGA — TGG) not to read TTMH-encoding protein TTMG-I by TGA as 
transiaHon terminatkm codon 

25 

O 2-1 Ck)ning of TTM-4 DNA to M13 phage (Fig. 2) 

pUTTM-l of 1-(3) was digested with restrictnn enzymes Sad aiKt EcoFV and ttie digestkm product was 
tlien subjected to 0.8% tow melting point agarose gel electrophoresis. A 1.1 kt>p fragment contain^ tfie 5*- 
. 30 end of TTM-I was recovered by treating with phenok:hkxofonn and precipitating with ethanol, foOowed by 
Kgatton wHh the fragment obtained by digestion of M13mpll phage with SacI and EcoRI. The reactkm 
sohitkNi was mixed at m.oi. of 0.1 with a solution ot>tained by cutturing E. ^ TGI at 37*C for 24 fiours, 
adcfing lf*TG thereto in a final concentration of 100 mM and furtfier supplementing IPTG in X-gal 
concentratkm of 2%. TTie resulting mixture was inoculated on soft agar to soitdrfy. Incubation was tfien 

35 performed at 37*C for 24 hours. Among the phage plaques formed, rscombinant ph£^ TTM-IN containing 
1.1 kbp DNA of TTM-I was ooltected from the phage, whfch cotor dkl not change to blue. 

LOcewise. pUTTM-l was digested with EcoRI and EcoRV. After 0.8% kiw melting point agarose gel 
electrophoresis, a 0.4 kbp fragment containing the 3'-end of TTM-I was recovered from the gel. By treating 
with phenoM:hk)rolbrm and precipitating with ethanol. the DNA fragment was recovered. M13mp10 phage 

40 was ligatad with tfie fragment obtained by digestkm with EboRI and EcoRV using ligase. The reaction 
solutkxi was treated as in the ckming of 1 kbp DMA. Recombinant ptiage TTM-IC containing 0.4 kbp DNA of 
TTMH was thus obtained. 

(2) Preparation of single stranded DNA from each recomtxnant phage 



Ttie two recomt)inant phage otytained in (1) akx»ve were added at m.o.i. of 0.1. respectively, to E. otIi 
TGI proliferated at 37*C in 100 ml of 2 x YT medium. After shake culture at 37*C for 5 hours, 
centrifugatkx) was performed at 5000G for 30 minutes to dbtain ttie ceil^free supernatant 0.2-fokJ volume of 
polyethylene gtycol/sodium chkmde mixhire (20% polyethylene glycol #6000. 2.5 M NaCI) was added to the 
so supernatant After settlement at 4*C for an hour, the mixture was centrifuged at SOOOG for 20 minutes to 
recover the precipitates. The precipitates were dissolved in 500 -I of TE buffer (10 mM Tris-HQ. 1 mM 
EDTA. pH ao). After extractkm with phenoMiiloroform. single stranded DNA of each recombinant phage 
was recovered by ethanol precipitation. 

55 (3) Productkxi of site-specific mutant using artificially synthesized ollgonucleotkle as a primer (Rg. 3) 

When the thus obtained DNA is incorporated and expressed in E. as it is. the site corresponding to 
NNN of the nucleotides shown by Sequence No. 1 is recognized as temninatk>n codon since this portkxi is 



[Example 2] 
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TGA. Thus, the sequences following the portion is not translated. Therefore, in order to modify nucleotide 
adenine conresponding to ttie third nucleotide of codon NNN to guanine, the following two oligonucleotides 
were synthesized to translate tfie TGA portion as methionine. 



The oligonucleotide shown by Sequence No. 2 is annealed to single stranded DMA of TTM-IN arKi tfie 
oligonucleotide shown by Sequeix^ No.3 to single stranded DMA of TTM-IC to cause tfie desired mutation 

20 by ttie mettKxj of Frits Eckstein et al. (Nucleic Acid Research. 8749-8764. 1985). The thus obtained 
recomtxnant phages were named TTM-IN' and TTM-IC*, respectivety. DNAs of TTM4N* and TTMHC 
phages obtained were digested with restriction enzymes Sad-EooRI and EcoRI-Bglll, respectively. By 0.8% 
low melting point agarose gel electrophoresis, tfie foments of 1.1 kbp and 0.4 kbp were extracted from tfie 
agarose gel and recovered |yy ettianol precipitation. On tfie otfier hand, plasmkl pUTTM-l was also digested 

25 with Sacl-Bglll. The 4.8 Mt)p fragment k>earing vector was extracted by 0.8% tow melting point agarose gel 
electrophorests and recovered by etfiand predpitation. The tfius oUained three fragments were ligated by 
Cgase and competent E. c^ TGI strain was transformed to obtain plasmkl pUTTM-r bearing TTM-T with 
mutatton at tfie desired stto tfiereof. Sequencing analysts was performed as in 1-<4). It was thus confirmed 
tfiat tfie desired site underwent mutation. 

so The restrfctkx i enzyme map of ttie thus olytained gene derived from Mycoplasma gallisepticum is 
shown in Fig. 1. 

[Bcample 3] 

35 Productton of expresston plasmid pUTMIE of protein TTMCH encoded tyy TTM-I* (Fig. 4) 

Digestton of plasmki pBMG6T (Japa n ese Patent Appficatton LakMpen Ho. 2-111795) with restrictton 
enzyme BamHI was foltowed by a treatment with DNA polymerase I and tfien digestkxi with restrtotton 
enzyme Avalil. After 0.8% km melting point agarose gel electropfioresis. DNA of about 5000 bp was 

40 recovered from ttie gel. By treating with pfienoKchtoroform and predpitatkxi with etfianol. a fragment 
containing tac promoter was recovered. On the other hand, plasmid pUTTMl obtained in (3) was digested 
with restrictton enzymes Avalil and EcoRV. The digestion product was sut^ected to 0.8% tow melting point 
agarose gel etoctroptioresis. DNA of atxxjt 600 t>p was recovered from the gel and treated with phenol- 
chtorofbrm. By ethanol predpitation. a fragment containing a part of TTM-t DNA was recovered. 

45 Tfie two fragments were ligated using figase and competent E. ^ TGI strain was transfonmed. The 
transformants were cultured at 37* C for 15 hours in LB agar medium containing amptctllin. The plasmid 
was extracted by tfie metfiod of Bimtx>im & Doly [Nucleic Add Research. 7. 1513 (1979)] to produce 
plasmid pTTMIE t)earing tac promoter and TTM-I DNA. 

On tfie otfier hand. pBMG6T was cfigested with restriction enzyme BamHI. After 0.8% tow melting point 

50 agarose gel electropfioresis. a fragment of about 700 bQ containing Iranscriptton terminatton sequence was 
recovered t>y etfiarwl precipitation. 

Lastly. pTTMIE was digested with restrictton enzyme Bglll foltowed by a treatment with pfiend and 
chtoroform. The fragment recovered by ethanol predpitatton was ligated by ligase with the aforesato 
fragment of atxHit 700 bp containing the transcription termination sequence. The desired plasmto was 

55 selected in a manner similar to pTTMIE and named pMTTMIE. 
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Sequence No. 2: 



3 • -TACGTTCTTCCTGGCAAACCTTACCACTACTT-5 • 



to 



and. 



Sequence No. 3: 



3 • --CTACAAAGAACCTAAATATCA-S * 
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[Example 4] 

Bqmssion of polypeptide encoded tiy TTMIE 

s After E. cofi TGI strain transformed by pMTTMIE was cultured at 37*C for 12 hours in LB medium 
supplemented with 50 ul/ml of amptcillin. 1 ml of ttie culture broth was taken and added to 100 ml of LB 
medium containing 50 ug/ml of ampia'llin followed by lncut>ation at 37 *C. Two hours later. 1 mM of 
isopropytthio-^-D-galactopyranoside was added in a concentration of 1 mM aiKl incut>ation was continued at 
37* C for further 12 hours. After the incut>ation, E. ooli was centrifuged at 6000G for 10 minutes. After the 

to cells were collected, the cells were subjected to 10% SDS-PAGE and eleclrophoresed at 50 mA for 2 
hours. After ttie electrophoresis, tfie gei was stained with Coomasste Brilliant Blue R-250 thereby to detect a 
new band of atxMit 40 kilodaltons, amounting to atxMJt 10% of tlie total cell protein. Since tfiis molecular 
weight of the protein coinckJed with the estimated value, the protein having about 40 Mkxlaltons is kientified 
to t>e the protein encoded by TTIAA and nanrted TTMG-I. 

15 Furtfiermore, the gel thus applied on SDS-PAGE was transferred onto a nitrocellutose membrane for 
Western btotting [Towbin et al.. Proc. Natl. Acad. Sci. USA, 76, 4350 (1979)] and as a primary antOwdy, 
tNckan serum immunized wfth Mycoplasma gailiseptkajm was used, wtiereby a l>and of atxMit 40 kd 
stained wfth Coomassie Brilliant Blue R-250 was reacted, ft was thus confirmed that TTMG-I was derived 
from Mycoplasma galliseptfcum . 

20 

[Example 5] 
Purifk^tion of TTMG-I 

25 After E. ^li collected in Example 4 were suspended in 10 ml of EXilt>ecco*s PBS, the suspension was 
treated wHh French press (manufactured by Otake Setsakusho: 1500 kgf/cm^. Then, centrifugatkxn was 
performed at 60000G for 30 minutes and tfie predpftates were recovered. After washing 3 times with KPB 
(10 mM potassium phosphate txiffer solutkxi, pH 7.0) supplemented with 1% NP-40. tfie precipftates were 
suspended in PBS containing 7.5 M urea. After centrifugatkNi at 60000G for 30 minutes, the supernatant 

30 was recovered. The st^tematant was fractkmated ty finear densfty gradient from OM to 1M of MaCI 
concentratkm using CIAE-TOYO PEARL COLUMN (manufactured by TOSO Co.. Ud.) whteh had been 
equiBlwated wfth KPB tiaving pH off 7.8 arKi containing 6M urea. The ffractkNn containing TMGH was thus 
recovered at OM of IMa(^ concentratton. This fraction was further fractkmated by linear densfty gradient from 
OM to 1M of NaCI concentratkm using Red-TOYO PEARL COLUMN (manufactured by TOSO Co., Ltd.) 

35 wfuch had been equiltt>rated wfth ttie same KPB as used for QAE-TOYO PEARL COLUMN. The fractkxi 
containing TMG-I (about 200 ug) was thus recovered at 0.5M to 0.7M of f^<^ concentratkm. 

The thus obtained TTMG-I was subjected to SDS-PAGE in a manner similar to Example 4. After 
stainnig wfth Brilliant Blue R-250, the purfty was determined to be about 90% by TLC-scanner (TS-930: 
Shimadzu Setsakustio Ltd.). 

40 From ttie cufture t>roth of TGI, about 200 ug off TTMG-1 was puriffied. 

[Example 6] 

Growth inhitxtkm of Mycoplasma galliseptkaim 

45 

TTMG-I olTtained in Example 5 was dissolved in CXjlbecco's PBS in a concentration of 200 ug/iml. After 
1 ml of ttte sohjtton was mixed wfth an equal volume of complete Freund ad^Jvant or aluminum fiydroxide 
gel. the mixture was sutxnitaneousty injected to chkHcen of 8 weeks age or okJer (line-M. SPF: Nihon 
Seibutsu Kagaku Kenkyustio) at the right thigh. Furtf^er 2 weeks after. 1 ml each of TTMG-I described 
so atMve was sutx:utar>eously administered for ttie secorKi immuntzatkxi to chicken as in ttie first immuntza- 
tkxi. A week after. anti-TTMGH serum was collected from the heart of chicken. 

On ttte other hand. Mycoplasma gallisepticum S6 strain irK>culated t»y 10% on PPLO BqukJ medium 
(modHied Chanock's medium). After incut>ation at 37*C for 3 days, ttie cuKure broth was passed ttmxigh a 
memt>rane fitter of 0.45 um to remove ttie agglutinated cells. Ttie fittrale was diluted to a cell count of 10^ 
55 CFUAnI wfth PPLO liqukl medium, which was used for determination of the activity. 

The cell solution was separately charged by 400 ul each in a sterilized polypropylene tube. To the cell 
soluton was added 100 »il each of standard chicken serum. TMG-I immunized serum (Japanese Patent 
Applu^atkxi Laid-Open No. 2-111795) and TTMG-I immunized serum. By cufturing at 37* C for 2 to 5 days. 
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so 



growth inhibition test was earned out 

On Days 0. 1. 2, 3 and 4 of the tncut>ation. 10 ul each was collected from each culture broth for growth 
mhibition test of Mycoplasma gaJBsepticum . Each collected cutture Ixoth harvested was spread over a plate 
of PPLO agar n>edium followed by cuKuring at 37*C for 7 days. The cell count in tt>e corresponding culture 
broth was deduced from tfte numt>er of colonies formed. The results of cell count on Day 3 are sfiown in 
Table 1. 

Table 1 



10 



rs 



20 



25 



30 



Sample 


Cell Count on Day 3 the numt>er of cells 


Standard chicken serum 
Anti-TMG-I chicken serum 
Anti-TTMGH chicken serum 


1.3x10P 
3.4x10^ 
1.8x10^ 



When the added sample was starxJard chicken serum or the culture broth supplemented with horse 
serum, no difference was noted in the growth rate of Mycoplasma oalliseptfcum and the cell count reached 
the saturatibn on Day 3 of the incubatkm. In the cutture broth supplemented with anthTTMGH immunized 
chteken serum Mycoplasma galBsepticum immunized chicken serum or with Mycoplasma galKsepticum 
mfected chk:ken serum, the growth of Mycoplasma galiiseptfcum was dearly inhitiHed on Day 3. The results 
indicate that TTMG-I protein is an antigen whteh can Induce the antibody capable of effectively inhibiting 
ttie growth of Mycoplasma gailisepticum . 

[Example 7] 

Effect of preventing infection of TTMG-I Immunized chfeken with Mycoplasma gailisepticum 

Mycoplasma galliseptfcum KP-13 strain was cultured in PPLO lk|ukl medium to reach a concentratkm of 
1 X 10^ CFlMnL Two weeks after the second txx>ster in tfie chk:ken immunized in Example 6. tfie cell 
sohitkm was infranasaly inoculated in ttie nasal cavities by 0.5 ml each. Four days after the chk:ken was 
sacrificed and the infraorbital sinuses and the air sac were wiped with stenlized cotton applicators, 
respectively. The applk^ators were immersed in PPLO lk)ukJ medium (containing 1% penteiHin and 0.05% 
ttiallium acetate), respectively, fbltowed by statk>nary culture at 37*C for 168 tKMjrs. After statkmary culture 
of further 20 ul in 2 ml PPLO medium (containing 1% jpenkallln and 0.05% thallium acetate), tfie presence 
or absence of ttie t>acteria was detected as in Example 6 to determine tf)e effect of preventing infectk>n. 

The effect of preventing infectkm is shown in Table 2. The chk^ken inoculated with TTMGH of ttie 
present invention shows a marked effect of preventing infection as compared to non-immunized difeken, 
indicating ttiat TTMQ-I of ttie present inventkm exhibits a remarkat>le vaccine effect. 
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Table 2 



5 



Immune Antigen 



Recovery of Mycoplasma 
qalliseptlcum 



Infraorbital sinuses 



10 



TTMG-1 



5/10 



none 



4/5 
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other than USA 
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(ii) Title of the Invention: 

POOLTRY MYCOPLASMA ANTIGENS, GENE THEREOF AND 

5 

RECOMBINANT VECTORS CONTAINING THE GENE AS I9ELL AS 
VACCINES UTILIZING THE SAME 

to 

(ill) Niimber of sequences: 3 
(2) Information on Sequence No. 1 
(i) Characteristic of Sequence 

(A) Length of sequence: 1387 base pairs 

(B) Type of sequence: nucleic acid 

(C) Number of strand: double strand 

(D) Topology: circular 

25 (B) Kind of sequence: DNA 

(xi) Indication of sequence: Sequence No. 1 



rs 



20 



30 



35 



40 



SO 



55 



AAA AAC ATC ACA TTG Ttk ATC TGA TAT CTT TGC HA AAA AAA CAC AAA 48 

ATC nC TAA CAA AAT OCT AAA TAA ATA AGO C6T TAA hTt AAC TAA AAA 96 

AH AAA AAA ATC GTT m Cn ATC AAC CAA AAT TCT CTA CTA ATA AAC 144 

GCT TAT nA TH HA m TTA GTC ATC TTT TAA GAT ATA AAT ATA TCT 192 

TAA TAT TCT ATG AAT AAC AAA AGA ATC ATC TTA AAG ACT ATT AGT TTC 240 

Met Asn Lys Lys Arg lie lie Leo Lrs Thr He Ser Leu 13 

m OCT ACA ACA TCC TTT CH AGC AH GGG AH TCT AGC TCT ATG TCT 288 

Leu Civ Thr Thr Ser Phe Leu Scr lie Gly lie Ser Ser Cjs Uet Ser 29 
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An ACT AAA AAA CAC GCA AAC CCA AAT AAT GGC CAA ACC CAA HA CAA 
lie Thr Lys Lrs Asp Ala Asn Pro Asn Ass Clr Clo Thr Gla Leu Gin 

CCA CCC CGA ATG GAG TTA ACT GAT CTA ATC AAT GCT AAA GCA AGG ACA 
Ala Ala Arg Uet Glo Leu Thr Asp Leu lie Asa Ala Lrs Ala Arg Thr 

HA GCT TCA CTA CAA GAC TAT GCT AAG AH CAA OCT ACT Tth TCA TCT 
Leo Ala Ser Leo Gin Asp Trr Ala Lrs He Glo Ala Ser Leo Ser Ser 

GCT TAT ACT GAA GCT GAA ACA CTT AAC AAT AAC Cn AAT GCA ACA CTA 
Ala Tyr Ser Glu Ala Clo Thr Val Aso Asn Asn Leo Asn Ala Thr Leo 

GAA CAA CTA AAA ATG GCT AAA ACT AAT HA GAA TCA GCC ATC AAC CAA 
Glo Gin Leo Lrs lie! Ala Lrs Thr Asn Leo Clo Ser Ala lie Asn Gin 

GCT AAT ACG CAT AAA ACG ACT TTT GAT AAT CAA CAT CCA AAT HA CTT 
Ala Asn Thr Asp Lrs Thr Thr Phe Asp Asn Glu His Pro Asn Leo Yal 

GAA GCA TAC AAA GCA CTA AAA ACC ACT HA GAA CAA CGT GCT ACT AAC 
Glu Ala Tyr Lrs Ala Leu Lrs Thr Thr Leu Glo Gin Arg Ala Thr Aso 

XTT CAA GCT TTA GCT TCA ACT GCT TAT AAT CAG ATT CGT AAT AAT TTA 
Leu Clo Gtr Leu Ala Scr Thr Ala tyr Asn Gin lie Arg Asn Asa Leu 

GTG CAT CTA TAC AAT AAT COT ACT ACT HA ATA ACT AAA ACA CTA CAT 
Val Asp Leu Tvr Asn Asn Ala Ser Ser Leu lie Thr Lrs Thr Leu Asp 

CCA CTA AAT CCC CCA ATC CTT TTA CAT TCT AAT CAC ATT ACT ACA GTT 
Pro Leu Asn Civ Civ Met Leu Leu Asp Ser Asn Glu lie Thr Thr Val 
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50 



AAT CCC AAT ATT AAT AAT ACG TTA TCA ACT ATT AAT CAA CAA AAC ACT 816 

Asa Arg Asa lie Asa Aso Thr Leo Ser Thr lie Asa Glo Gla Its Thr ZOS 

AAT CCT CAT CCA TTA TOT AAT ACT TTT ATT AAA AAA GTC ATT CAA AAT 864 

Asn Ala Asp Ala Leu Ser Asn Ser Phe lie Lys Lys Val lie Gla Asn 221 

AAT CAA CAA ACT TTT CTA CCC ACT TTT ACA AAC CCT AAT GTT CAA CCT 912 

Asn Clu Gin Ser Ptie Val Glr Ttir Phe Thr Asn Ala Asn Vat Gin Pro 23T 

TCA AAC TAC ACT TTT GTT CCT TTT ACT OCT GAT CTA ACA CCC GTC AAT 960 

Ser Asn Tyr Ser Phe Val Ala Phe Ser Ala Asp Val Thr Pro Val Asn 253 

TAT AAA TAT CCA ACA ACG ACC GTT HHH AAT CCT CAT CAA CCT TCA ACT 1008 

Tyr Lys Tyr Ala Arg Arg Thr Val Xaa Asn Cly Asp Clu Pro Ser Ser 260 

AGA ATT GTT CCA AAC ACC AAT ACT ATC ACA GAT GTT TCT mn ATT TAT 1056 

Arg lie Leo Ala Asn Thr Asn Ser lie Thr Asp Val Ser Xaa fte Tyr 285 

ACT TTA GCT CCA ACA AAC ACC AAG TAC CAA TH ACT TTT ACC AAC TAT 1104 

Ser Leu Ala Gly Thr Asn Thr Lys Tyr Gin Phe Ser Phe Ser Asn Tyr 301 

GCT CCA TCA ACT CGT TAT TTA fAT TTC CCT TAT AAC TTC GTT AAA CCA 1152 

Cly Pro Ser Thr Cly Tyr Leo Tyr Phe Pro Tyr Lys Leo Val Lys Ala 317 

GCT CAT CCT AAT AAC CTT CCA HA CAA TAC AAA TTA AAT AAT CCA AAT 1200 

Ala Asp Ala Asn Asn Val Cly Leo Glo Tyr Lys Leo Asn Asn Cly Asn 333 

GTT CAA CAA CH GAG TTT CCC ACT TCA ACT ACT CCA AAT AAT ACT AtA 1248 

Vai Glo Gin Val Glu Phe Ala Thr Ser Thr Ser Ala Asn Asn Thr Thr 349 

GCT AAT CCA ACT CAG CAC TTC ATC AGA TTA AAG TTC CTA AAA TCC TTT 1296 

Ala Asn Pro Thr Gin Glu Leu Uet Arg Leu Lys Leo Leu Lys Ser Phe 365 
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TAT CAC CTT TAA CAT TTC CCC AAA ACA CAA TCC AAT TAA CTC TTC CAA 1344 
Tyr CIn Val »♦* 389 



CCC CTC AAC CAA ATA tCA ATA AAC HC CCC CAA TCA HC CCA A 



1387 



(2) Information on Sequence No* 2 
(i) Characteristic of Sequence 

(A) Length of sequence: 32 base pairs 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single strand 

(D) Topology: linear 

(xi) Indication of sequence: Sequence NO* 2 
TACGTTCTTCCTGGCAAACCTTACCACTACT^ 

(3) Information on Sequence No« 3 
(i) Characteristic of Sequence 

(A) Ziength of sequence: 21 base pairs 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single strand 

(D) Topology: linear 

(xi) Indication of sequence: Sequence No. 3 

CTACAAAGAACCTAAATATCA 

Ctaims 

1. A substantially pure protein capable of reactir^g with Mycoplasma galllsepticum immunized serum or 
Mycoplasma galllsepticum infected serum, having a molecular weight of atx»ut 40 WlodallDns encoded 
by DNA sequefK» derived from Mycoplasnr^ galllsepticum and having restriclion enzyme map stiown 
in Fig. 1 . or a protein functionally equivalent tfiereto. 

2. A protein according to claim 1 which tias an amino acid sequence stiown by Sequence No. 1. or a 
protein functionally equivalent tfiereto. 

a DNA sequence encoding substantially the entire protein according to claim 2. 

4. A recombinant vector in which DNA fragment according to claim 3 is incorporated. 

5. A host transformed by a recomt>inant vector according to claim 4. 
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A vaccine for Mycoplasma gallisepticum infection comprising as an effective ingredient a protein 
according to claim 1 or 2. 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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